C omparative effectiveness studies of medical products outside of experimental research settings often derive from secondary data sources, such as insurance claims, that include data from many geographic regions and sometimes the entire country. The large source population available through these data sources allows investigators to study uncommon outcomes or exposures. Indeed, such considerations are important for the FDA's Sentinel Initiative, which aims to create a coordinated national electronic medical product safety surveillance system covering 100 million patients from disparate data sources and thereby geographic regions by mid 2012. A recent publication, 1 however, has cast doubt on the validity of this venture owing to potential biases arising from regional variations in medical practice intensity.
Well-Documented Geographic Variation in US Health Care
Research has shown a more than 2-fold variation in health care utilization and in per capita Medicare spending in different regions of the United States. 2 Research on the causes of these differences has found that higher use and spending is largely because of the overall intensity of discretionary care provided to similar patients: how much time they spend in the hospital, how frequently they see physicians, and how many diagnostic tests and minor procedures they receive. 3 That is, the variations cannot be explained by other legitimate factors that also vary across regions or hospitals such as differences in price paid per procedure, 4 poverty, [5] [6] [7] or severity of illness. 6 Moreover, evidence suggests that hospitals and regions that provide more care to Medicare patients also provide more for their non-Medicare patients. 8, 9 For example, a high correlation was found between Part B (physician) spending for the elderly and the rate of cesarean sections among normal birth weight babies, suggesting the way doctors and hospitals deliver care is similar in any given region, regardless of who is paying. Recently, an important concern has been raised regarding the implications of regional variation in medical practice intensity for the validity of comparative effectiveness research. Song et al 1 categorized 306 US hospital referral regions into quintiles based on the end-of-life expenditure index (EoLEI) to measure the intensity of medical care. The EoLEI is calculated as age-sex-race-adjusted spending (measured with standardized national prices) on hospital and physician services provided to Medicare enrollees who were in their last 6 months of life in each hospital referral region in mid 1994 to 1997. The authors compared trends with respect to diagnoses, laboratory testing, imaging, and the assignment of Hierarchical Condition Categories among beneficiaries who moved, and found greater increases among beneficiaries who moved to regions with a higher intensity of practice than among those who moved to regions with the same or lower intensity of practice. These differences across the regions in diagnostic practices that were independent of patients' underlying health status led the authors to conclude that "the use of clinical or claimsbased diagnoses in risk adjustment may introduce important biases in comparative effectiveness studies."
Variation in the quantity of healthcare use translates into variation in the opportunity to capture diagnoses in claims databases. These differences in turn result in differences in covariate ascertainment by region, thereby reducing the effectiveness of confounding control. 10 The conclusion of Song et al that such misclassification will introduce a bias is only justified, however, if regions that differ on covariate ascertainment also differ with respect to presence of the study exposure (ie, if the misclassification is differential). If that is the case, then region will have to be taken into account to remove any additional bias introduced (Figure) . Using the terminology of causal diagrams, conditioning on region closes the backdoor path from exposure to outcome through region.
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Empirical Studies to Examine Effect of Accounting for Variation in Medical Practice Intensity
To gain insight in the practical relevance of potential covariate misclassification owing to regional variation in medical practice, we evaluated 3 studies, one of which has previously been published, 12 to see whether the conditions for bias were met and whether accounting for region using quintiles of the proposed EoLEI would alter effect estimates (implying the presence of bias). These studies derive from 2 different data sources, each incorporating regions with different medical care intensity: (1) a population of patients ≥65 years of age enrolled in both Medicare and the Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE) programs between 1995 and 2002 (Pennsylvania, example 1); and (2) a population of patients ≥65 years of age enrolled in Medicare with prescription drug coverage through either a stand-alone Part D plan or a retiree drug plan in 2005 to 2007 that was administered by a pharmacy benefits management company (all US states, examples 2 and 3). All 3 analyses used an intentto-treat approach with initial exposure status as determined from pharmacy claims carried forward until censoring at the end of follow-up or the occurrence of the outcome of interest, whichever came first. All patients were new users defined as not having a prescription for the medication of interest in the prior 180 days. Baseline covariates were assessed using healthcare use data within 6 months before treatment initiation. Time to death was ascertained using Medicare claims, which are routinely cross checked with Social Security data. Myocardial infarction was defined as a hospitalization ≥3 days (unless the subject died during the hospitalization) with a principal or secondary diagnosis of ICD-9-CM 410.x1. We implemented a high-dimensional propensity score (hdPS) algorithm to adjust for confounding using claims-based clinical covariate information. 12, 13 Healthcare use or claims data indirectly describe the health status of patients through the lenses of healthcare providers operating under the constraints of a specific healthcare system. Measuring a large battery of variables should increase the likelihood that in combination they will serve as a good proxy for relevant unobserved confounding factors. The hdPS algorithm identifies thousands of diagnoses, procedures, and pharmacy claim codes, eliminates covariates of very low prevalence, and minimal potential for causing confounding using well-established methods, 14, 15 and then uses propensity score techniques to adjust for a large number of target covariates. These newly identified covariates can result in better confounding adjustment and opportunity for valid causal inference than conventional approaches based solely on investigator-defined covariates. 13, 16, 17 Despite these advantages, it should be noted that any systematic difference between regions in intensity of healthcare use will be transferred to the hdPS as it is estimated using diagnoses and procedures documented during and medication use resulting from actual encounters with the healthcare system. Table 1 provides a basic description of the study populations. Both datasets include hospital referral regions with different medical care intensity. All 306 hospital referral regions are represented in the nationwide data (examples 2 and 3), versus only 23 regions in the regional dataset (example 1). In both of these datasets, variation in medical care intensity across regions similar to that reported by Song is seen, but the differences are less pronounced for the regional dataset. The distributions of treatments studied, however, did not differ meaningfully by region. To assess the effect of accounting for region, we mapped each patient's zip code of residence to Conditioning on the collider C* (eg, adjustment for the measured confounder C*) opens the path at C*. Consequently, if region is associated with exposure (R→X, B), and we condition on the measured confounder C*, then region may act as a confounder through the pathway X→R →C*→C→Y→Y*. If region is also associated with outcome measurement (R→Y*, C), the path X→R→Y* opens as well. Conditioning on the noncollider R will block both paths.
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one of the 306 US hospital referral regions linked to a quintile of the EoLEI, and compared the exposure-outcome associations of interest (Table 2 ) adjusted for the hdPS with the associations adjusted for both the hdPS and EoLEI quintiles. The respective outcome models (logistic regression for example 1 and Cox proportional hazard regression for examples 2 and 3) adjusted for deciles of the estimated hdPS were stratified by EoLEI quintile. Within the context of these data sources and clinical scenarios, and after adjustment of confounding by claims-based clinical information, further adjustment for regional variations in healthcare intensity did not lead to meaningful changes in study results indicating that confounder misclassification owing to regional variation in practice is not an important source of additional bias ( Table 2) . EoLEI indicates end-of-life expenditure index. *Defined as described by Song et al. 
Sensitivity Analyses to Explore Conditions for Meaningful Bias
Although we examined different data sources, exposures and outcomes, the skeptical reader might question the generalizability of conclusions drawn from these three specific examples and using a particular measure of medical care intensity which is not without controversy. 18 We, therefore, conducted sensitivity analyses to explore more generally the conditions under which regional variation in intensity of care could introduce meaningful bias, which we defined as a ≥10% change in effect estimate. We examined various scenarios defined by the strength of the associations between region, confounder, exposure, and outcome. As indicated earlier, if the exposure prevalence does not differ across regions (Figure A) , the problem described by Song et al reduces to that of nondifferential misclassification of a confounder, which yields incomplete confounding adjustment. 10 In this situation, additional adjustment for region does not reduce the residual confounding; instead, the effect of the confounder misclassification on the study findings could be explored using quantitative bias analyses, 19 or regression calibration techniques. 20 If the exposure distribution differs by region but the outcome ascertainment does not (as would be expected for hard endpoints such as mortality) (Figure B) , our sensitivity analyses indicated that extremely strong associations between region and exposure and between confounder and outcome (ie, relative risk ≥6) would be required for regional variation to result in meaningful additional bias. Such strong associations are likely to be rare. If, on the other hand, outcome ascertainment also varies by region (for example, earlier diagnosis of abnormal liver function through closer monitoring of blood test values in high-intensity regions) ( Figure C) , regional variations in healthcare intensity may result in meaningful additional bias under a range of scenarios, provided the association between region and exposure is also moderately strong (ie, RR ≥1.5). These conclusions are independent of the specific measure chosen to quantify differences in medical care intensity.
Conclusions
So what is the practical import for researchers conducting comparative effectiveness studies that include regions with differing medical care intensity or policy makers evaluating such studies? In most instances, regional variation will be one of many potential mechanisms through which nondifferential misclassification of confounders might occur. If the data indicate that exposure prevalence varies substantially across regions of different medical care intensity and sizeable differences in outcome ascertainment by region are possible, then it would be advisable to account for region in the analyses to eliminate the additional bias that might arise from this source. Nevertheless, based on the three typical example studies and our sensitivity analyses, we believe that the conditions for important bias will be rare, and the practical implications of regional variation in medical practice intensity, as a proxy for confounder misclassification, will typically be negligible.
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